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(54) ACCELERATION SENSOR AND METHOD OF PRODUCING THE SAME 



(57) An acceleration sensor made available without 
using a high-level semiconductor technology or a micro- 
machining technology. The sensor detects an accelera- 
tion with a high precision, yet the manufacturing cost is 
inexpensive. In the sensor, a silicon substrate (1) is 
used only for a portion with which a strain is caused by 
an acceleration, while an auxiliary substrate (4A.4B), a 
cap (8A.8B) and a mass substance (6A.6B) are formed 
of glass material. Joining of the silicon substrate (1) to 
the mass substance (6A.6B) and the auxiliary substrate 
(4A.4B), and the auxiliary substrate (4A,4B) to the cap 
(8A.8B) are made by direct bonding. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to an accelera- s 
tion sensor for use in the control of a vehicle body and 
the like application fields. The invention also includes 
the producing method. In accordance with the invention, 
a high precision acceleration sensor is presented at a 
low cost, without using high-level semiconductor tech- 10 
nologies or micro-machining technologies. 

BACKGROUND ART 

[0002] When an external force is given to a mass sub- is 
stance, acceleration is caused with the mass sub- 
stance, at the same tune an inertial force is observed for 
trying to retain the mass substance in the own location. 
The force given to a mass substance and an accelera- 
tion can be measured through a physical strain created 20 
by the inertial force. There have been a number of 
teachings on the method of detecting the strain. For 
example, a publication (Acceleration Sensor by Semi- 
conductor, by Toshitaka SHIBATA, "Technology for Sen- 
sor", Vol. 11, No. 10, Oct., 1991) discloses a sensor 25 
formed on a silicon material, which sensor being manu- 
factured using the semiconductor technologies and the 
micro-machining technologies. Means for detecting the 
strain includes the one which makes use of the change 
in the electrostatic capacitance, and the one which 30 
makes use of the piezoresistance effect, for example. 
Acceleration sensors using a single crystal silicon for 
the sensing portion have a stable performance and 
capable of measuring the acceleration at high precision 
level. Therefore, the sensors of the above category form 35 
the mainstream in the recent field of acceleration sen- 
sors. 

[0003] Processing a silicon substrate with a high pre- 
cision level into a certain specific shape, however, 
needs the help of the high-level semiconductor technol- 40 
ogies and the micro-machining technologies. Therefore, 
acceleration sensors are costly at present. Conven- 
tional sensors, as taught in a publication (Micromechan- 
ical Acceleromater Integrated with MOS Detection 
Circuitry, KURTE, PETERSEN etc. IEEE TRANSAC- as 
TION ON ELECTRON DEVICES, VOL ED-29, No 1, 
JAN. 1982) and other publications, contain an etching- 
stop layer in the silicon substrate, and the monocrystal- 
line silicon has to be epitaxially grown. These are the 
essential requirements to be fulfilled in order to form a so 
hinge portion, or the portion strained by an acceleration, 
of a sensor. Expensive semiconductor manufacturing 
facilities are needed to carry out the above described 
process steps. 

[0004] Japanese Laid-open Patent No.05-340957 dis- ss 
closes a method of joining an auxiliary glass substrate 
to a silicon substrate forming the hinge portion by anode 
bonding. However, the anode bonding method requires 



a facility for providing electric fields among the bonding 
substrates. Furthermore, the anode bonding is available 
only with a glass that contains sodium. The anode 
bonding method is not simple to practice, and restrictive 
in selecting the glass material. 
[0005] Another type of acceleration sensor uses a pie- 
zoelectric element for the portion at which a strain is 
caused by acceleration. However, it is difficult for an 
acceleration sensor of the above type to measure a 
static acceleration; such as the measurement of an 
inclination relative to the gravity of the earth. In some 
cases, an acceleration sensor is required to have a self- 
diagnostic function. Most of such self-diagnostic func- 
tions require to have complicated peripheral circuits. 
[0006] The present invention addresses the above 
described drawbacks, and aims to offer an inexpensive, 
yet highly accurate, acceleration sensor formed of sili- 
con and other materials, without asking for the help of 
the high level semiconductor technologies or the micro- 
machining technologies. The acceleration sensor in 
accordance with the present invention covers a wide 
range of the frequency in acceleration measurement, 
and capable of making a self-diagnosis about a disor- 
der, "me present invention also offers a method for man- 
ufacturing such acceleration sensors. 

DISCLOSURE OF THE INVENTION 

[0007] In an invented acceleration sensor, only the 
hinge portion of a sensor section, which portion is 
strained by an acceleration force, is formed of silicon; 
while the auxiliary portions, a cover and a mass sub- 
stance for receiving the acceleration are structured of 
glass or other materials. Joining of the different materi- 
als is conducted by direct bonding. The direct bonding is 
a technology that joins different kinds of materials by 
simply making the bonding surfaces ultra-clean. The 
direct bonding technology assures a firm joining 
between the materials themselves, by making the bond- 
ing surfaces clean and heating the surfaces at a high 
temperature in the atmospheric environment or in the 
vacuum; without intervening any foreign material, such 
as an adhesive substance, or providing any electric 
fields which were essential in the anode bonding. Thus 
the direct bonding produces a rigid joining at an inex- 
pensive cost. The direct bonding can join silicon, glass, 
non-alkaline glass, quartz glass and various monocrys- 
talline substrates together. 

[0008] The hinge portion of said silicon substrate has 
to be processed to as thin as 10 - 30jim thick. Joining a 
glass substrate to one surface of the silicon substrate by 
direct bonding and then grinding only the surface of sili- 
con substrate may provide such a thin silicon substrate. 
In accordance with a recent grinding technology, a sub- 
strate can be ground down to approximately 1 0jun at an 
accuracy level within ± 1jim. The accuracy level is high 
enough for processing the acceleration sensor of the 
present invention. 
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[0009] After the process for thinning the silicon sub- 
strate is finished, another glass plate is joined onto the 
silicon surface by direct bonding as the auxiliary sub- 
strate of the opposite surface. And then, a portion of 
mass substance for receiving an acceleration and a por- 5 
tion of hinge for yielding a strain are formed through 
etching process. Finally a case is bonded from the both 
sides by direct bonding. The portion of mass substance 
and the portion of hinge were provided conventionally in 
the form of a one-piece silicon member manufactured w 
out of a silicon substrate using high level micro-machin- 
ing technologies. Now in an acceleration sensor of the 
present invention, the corresponding member is formed 
of different kinds of materials; glass for the mass sub- 
stance portion and silicon for the hinge portion. As a 15 
result, etching of the member becomes easier, and the 
whole manufacturing process is simplified. By further 
providing a piezoelectric element, or a piezoresistive 
element, formed on the hinge portion, and attaching a 
glass case having an electrode for electrostatic capaci- 20 
tance in the corresponding area together, an accelera- 
tion sensor will have both of the features of electrostatic 
capacitance type and piezoelectric element type, or pie- 
zoresistive element type. Thus, acceleration sensors 
that can measure the acceleration for a wide range of 2 s 
frequency, capable of making the self-diagnosis can be 
manufactured efficiently with a high production yield 
rate. 



BRIEF DESCRIPTION OF THE DRAWINGS 
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FIG. 1 is an exploded perspective view showing a 
capacitance type acceleration sensor in accord- 35 
ance with a first exemplary embodiment of the 
present invention. FIG. 2(a) is a cross sectional 
view of the capacitance type acceleration sensor, 
FIG. 2(b) is a cross sectional view of a conventional 
capacitance type acceleration sensor. FIG. 3 shows 40 
cross sectional views used to describe the manu- 
facturing process steps of the capacitance type 
acceleration sensor of embodiment 1 . FIG. 4 shows 
cross sectional views used to describe other manu- 
facturing process steps of the capacitance type 45 
acceleration sensor of embodiment 1 . FIG. 5 shows 
cross sectional views used to describe process 
steps of manufacturing a case of the acceleration 
sensor of embodiment 1 . FIG. 6 shows a cross sec- 
tional view used to describe a sensor section of the so 
acceleration sensor of embodiment 1. FIG. 7 is a 
cross sectional view of the finished acceleration 
sensor of embodiment 1 . FIG. 8 is a cross sectional 
view of the acceleration sensor of embodiment 1 , in 
which the mass substance is provided only on one ss 
surface. 

FIG. 9 is a cross sectional view showing a sensor 
section of a piezoresistive type acceleration sensor 



in accordance with a second exemplary embodi- 
ment of the present invention. 
FIG. 10 is a cross sectional view showing a sensor 
section of a complex type acceleration sensor in 
accordance with a third exemplary embodiment of 
the present invention. 

FIG. 1 1 is an exploded perspective view showing 
an acceleration sensor of a fourth exemplary 
embodiment of the present invention. FIG. 12 is a 
perspective view used to show the manufacturing 
process of the acceleration sensor of embodiment 
4. FIG. 13 is a perspective view showing the accel- 
eration sensor of embodiment 4. FIG. 14 shows 
cross sectional views used to describe manufactur- 
ing process steps of the acceleration sensor of 
embodiment 4. 

FIG. 15 is an exploded perspective view showing 
an acceleration sensor in accordance with a fifth 
exemplary embodiment of the present invention. 
FIG. 16 is an exploded perspective view showing 
an acceleration sensor in accordance with a sixth 
exemplary embodiment of the present invention. 
FIG. 17 is a cross sectional view used to describe 
manufacturing process of an acceleration sensor in 
accordance with a seventh exemplary embodiment 
of the present invention. FIG. 18 shows cross sec- 
tional views used to describe method of forming 
resist patterns in embodiment 7. FIG. 19 shows a 
resist pattern on a wafer of embodiment 7. 
FIG. 20 is a cross sectional view used to describe 
manufacturing process of an acceleration sensor in 
accordance with an eighth exemplary embodiment 
of the present invention. 

FIG. 21 shows cross sectional views used to 
describe method of forming resist patterns in 
embodiment 8. 

FIG. 22 shows a pattern on a silicon substrate of an 
acceleration sensor in accordance with a ninth 
embodiment of the present invention, as viewed in 
a wafer state. 

FIG. 23 illustrates manufacturing process steps of 
an acceleration sensor in accordance with a tenth 
exemplary embodiment of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[001 1 ] Exemplary embodiments of the present inven- 
tion are described below with reference to the drawings. 

(Embodiment 1) 

[0012] FIG. 1 is an exploded perspective view of a 
capacitance type acceleration sensor in accordance 
with a first exemplary embodiment of the present inven- 
tion. A silicon substrate 1 of 10 - 30jim thick, a hinge 
portion 2 of a tongue shape, a slit 3, an auxiliary sub- 
strate 4A, 4B for supporting the silicon substrate 1 from 
both surfaces, a mass substance 6A, 6B joined respec- 
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tively to both surfaces of the hinge portion 2, a movable 
electrode 7A, 7B (not shown) formed respectively on 
the surface of the mass substance 6A, 6B, and a lead 
electrode 7C, 7D (not shown) for the movable electrode 
are illustrated. In a cap 8A, 8B for encapsulating a sen- 5 
sor section formed of the silicon substrate 1 and the 
auxiliary substrate 4A, 4B, a hollow area 9A (not 
shown), 9B is formed. A fixed electrode 10A (not 
shown), 10B is formed on the surface of the hollow area 
in a place opposing to the movable electrode 7 A, 7B 10 
(not shown), and a lead electrode 10C (not shown), 10D 
for the fixed electrode is formed at a place in the oppo- 
site end relative to the lead electrode 7C, 7D (not 
shown) for the movable electrode. 
[001 3] FIG. 2(a) is a cross sectional view of the capac- 15 
itance type acceleration sensor. The silicon substrate 1 
as thin as 10 - 30|im thick can move in the up/down (in 
the drawing) direction. Upon receiving an acceleration 
force, the mass substance 6A, 6B moves up/down, and 
the movable electrode 7A, 7B moves accordingly. 20 
Because of the change in a gap 9C, 9D between the 
movable electrode 7A, 7B and the fixed electrode 10A, 
10B, the electrostatic capacitance formed between the 
movable electrode 7A and the fixed electrode 10A, and 
that formed between the movable electrode 7B and the 25 
fixed electrode 1 0B change. The acceleration given to is 
detected in the form of a change in the electrostatic 
capacitance. 

[0014] Just for information, a conventional capaci- 
tance type acceleration sensor is shown in FIG. 2(b). 30 
Conventionally, a hinge portion 12A and a mass sub- 
stance 12B for yielding a strain in response to an accel- 
eration were formed as a one-piece silicon structure. In 
order to provide a member of the above structure, a 
high-level process control is needed for thoroughly 35 
removing only the region corresponding to a groove 
12C, while keeping the region corresponding to the 
hinge portion 12A left unremoved for the thickness 10 - 
30jim. In FIG. 2(b), the symbol 1 1 A, 1 1 B denotes a cap, 
13A, 13B is a fixed electrode, 14A, 14B is a movable 40 
electrode. 

[0015] Now in the following, a method of manufactur- 
ing an acceleration sensor is described in accordance 
with the present embodiment 1. FIG. 3(a) - FIG. 3(e) 
illustrate process steps for manufacturing a sensor sec- 45 
tion, which moves in response to acceleration. 
[0016] in the first place, an auxiliary glass substrate 
16A and a silicon substrate 17 are joined together by 
direct bonding (FIG. 3(a)). The direct bonding technol- 
ogy does not require any adhesive or any foreign mate- so 
rial, nor does it require any electric fields between the 
bonding materials which are the essential requirement 
in the anode bonding technology. The direct bonding 
provides a firm joining by simply, keeping the state of 
the surfaces of bonding materials at a high precision 55 
level and clean, and then heating these materials in the 
atmospheric environment or in the vacuum. It is an 
excellent bonding technology of low cost. Silicon, glass. 



non-alkaline glass, quartz glass and various monocrys- 
talline substrates can be joined by direct bonding. 
Therefore, the present invention may be embodied in 
other forms using other materials. A preferred tempera- 
ture and time of heating for the direct bonding between 
silicon and glass, for example, are 300 - 500°C for 1 - 2 
hours. 

[0017] The surface of silicon substrate 17 is ground 
down to a certain specified thickness (FIG. 3(b)). A 
recent grinding technology assures the accuracy level 
within ± 1jim for the thickness of 1 0jim. This means that 
the presently available grinding technique is enough for 
implementing the acceleration sensor. The surface of 
silicon substrate 1 7 is polished to a mirror surface in the 
final stage. Then, an auxiliary glass substrate 16B is 
joined on the surface of silicon substrate 17 by direct 
bonding (FIG. 3(c)). The auxiliary substrate 16A, 16B is 
etched to form the mass substance 16C, 16D (FIG. 
3(d)). It is advantageous to select and use an appropri- 
ate etchant. with which the glass functions as the etch- 
ing stopper. An etching mask (not shown) is provided so 
as to leave the silicon substrate 17 unetched only in a 
hinge portion 18 of a tongue shape. A slit 19 is thus 
formed by etching (FIG. 3(e)). 
[001 8] As an alternative procedure for forming the slit 
19 in the silicon substrate 17, the slit 19 may be formed 
by etching before the auxiliary substrate 16B is joined 
by direct bonding, as shown in FIG. 4. In this procedure, 
it is easy to apply an etching mask for etching the silicon 
substrate 17, because the etching surface does not 
have any bump created by the auxiliary substrate 16B. 
[001 9] In addition to the sensor section, a case section 
is prepared as shown in FIG. 5(a), (b). A hollow area 
20C, 20D is provided in a glass cap 20A, 20B (FIG. 
5(a)), and a fixed electrode 21 A, 21 B is formed on the 
bottom surface, as well as a lead electrode 21 C, 21 D for 
the fixed electrode (FIG. 5(b)). A movable electrode 
23A, 23B and a lead electrode 23C, 23D for the mova- 
ble electrode are formed also on the sensor section. 
Finally, the sensor section and the case section are 
joined by direct bonding to complete a capacitance type 
acceleration sensor, as shown in FIG. 7. 
[0020] Besides the above described methods of lead- 
ing the fixed electrode 21 A, 21 B and the movable elec- 
trode 23A, 23B out, the electrodes may be lead outside 
also through the joint at a side face 26B, instead of the 
side face 26A only. Perforating a through hole in the 
case substrate may be another means of leading the 
electrode out. Any way, the electrode leading means is 
not limited to those described in the above. 
[0021] Although a glass plate has been used for the 
auxiliary substrate in the present embodiment 1 , it is not 
intended to limit the material to the glass. Besides glass, 
a substrate of amorphous material such as quartz 
glass, or a monocrystalline substrate such as crystal 
may be used for the same effect. If there are certain 
specific requirements in the temperature characteristics 
of a material of the sensor, it is an advantage that in the 
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present invention a most appropriate material can be 
selected among the group of materials. 
[0022] The auxiliary substrate has been provided at 
both surfaces of the silicon substrate in the present 
embodiment 1 . However, the auxiliary substrate may be 
provided only at one surface of the silicon substrate if 
the symmetrical structure is not considered essential. 
Namely, a capacitance type acceleration sensor having 
the auxiliary substrate 16A only at one surface, as 
shown in FIG. 8, may also be structured. Eliminating 
one bonding process for joining the auxiliary substrate 
contributes to simplify the total procedure. 

(Embodiment 2) 

[0023] An acceleration sensor in accordance with a 
second embodiment of the present invention is that of 
embodiment 1, wherein, at the process step of FIG. 
3(e), a piezoresistive material, or a material which 
changes its electrical characteristics in accordance with 
strain, is formed in the region where a strain is caused 
by an acceleration. The piezoresistive material may be 
provided through a commonly used semiconductor 
technology, such as the sputtering, the ion implantation, 
etc. 

[0024] FIG. 9 shows the structure of a sensor section 
thus formed. The silicon substrate 1 7 is held supported 
by the auxiliary glass substrate 16A, 16B, and a pie- 
zoresistive element 25 and a lead electrode 24 are 
formed on the hinge portion 18 of a tongue shape. The 
piezoresistive element changes its resistance value in 
accordance with strain. The acceleration effected to the 
mass substance 16C, 16D can be measured by reading 
the change in the resistance value of the piezoresistive 
element 25. The piezoresistive element 25 may be pro- 
vided on any of the either surface. Encapsulating the 
sensor section with glass cap in the same way as in 
embodiment 1 completes a piezoresistive type acceler- 
ation sensor. 

[0025] In place of the glass used for the auxiliary sub- 
strate, materials other than the glass may be used, like 
in the case of embodiment 1. The auxiliary substrate 
may be provided only on one surface. The advantages 
of such configuration remain the same as in the embod- 
iment 1. 

[0026] The piezoresistive element 25 may be replaced 
with a piezoelectric element. The piezoelectric element 
changes its resonance impedance, or resonance fre- 
quency, by a strain effected thereon. The acceleration 
effected to the sensor section can be measured by 
reading the value of the change. The piezoelectric ele- 
ment may be formed through a commonly used proc- 
ess, such as the sputtering. 

(Embodiment 3) 

[0027] An acceleration sensor in accordance with a 
third exemplary embodiment of the present invention is 



a combination of the embodiment 1 and the embodi- 
ment 2. FIG. 10 shows a cross sectional view of the 
acceleration sensor of embodiment 3. There is no limi- 
tation in the formation order for forming a piezoresistive 
5 element, or a piezoelectric element. There is no limita- 
tion either as to whether the auxiliary substrate should 
be provided either one surface alone or on the both sur- 
faces. What is to be done is to form a piezoresistive ele- 
ment 25, or a piezoelectric element, and a lead 
10 electrode 24 before joining the upper and the lower caps 
of electrostatic capacitance type. 
[0028] In accordance with the present embodiment 3, 
an acceleration sensor may be provided simultaneously 
with the sensor functions of multiple types, the electo- 
rs static capacitance type and the piezoresistive type, or 
the piezoelectric type. In a combination of the electro- 
static capacitance type sensor and the piezoelectric 
type sensor, for example, a static acceleration may be 
measured by the electrostatic capacitance type sensor, 
20 while a dynamic acceleration by the piezoelectric type 
sensor. Thus the advantages of the respective type sen- 
sors are made available, and an acceleration sensor 
can measure covering a wide range of frequencies. Fur- 
thermore, as a result of combination of the two types of 
25 sensors, operational errors or failure occurred in one 
type sensor may be judged by the other type sensor. 

(Embodiment 4) 

30 [0029] Now in the following, how the output of sensor 
section of the above described sensors is taken to the 
outside of a device in a sure and easy manner is 
described with reference to the drawing. FIG. 11 is an 
exploded perspective view showing a fourth exemplary 

35 embodiment of the present invention. 

[0030] Referring to FIG. 11, a sensor section 30 com- 
prises a mass substance 31 , a hinge portion 32, and a 
frame 33. On the respective surfaces of a first cap 40 
and a second cap 50, a first fixed electrode 41 (not 

40 shown) and a second fixed electrode 51 are formed cor- 
responding to a first movable electrode 35a and a sec- 
ond movable electrode 35b (not shown). The first and 
the second caps 40, 50 are not provided with the hollow 
area, which existed in the embodiments 1 - 3. Instead, 

45 in the present embodiment 4, a space has been 
secured within the sensor section 30 for the mass sub- 
stance 31 to make the up/down motion. An acceleration 
sensor may take either one of the structures, that of 
embodiments 1 - 3 or that of embodiment 4. 

so [0031 ] On the sidewall of a first through hole 34a - 34d 
provided at the Four Corners of the frame 33, an elec- 
trode film is formed. In one of the four through holes 
(34b in FIG. 11), a first lead electrode 36a for the first 
movable electrode 35a is formed. On the reverse sur- 

55 face of the sensor section 30, a second movable elec- 
trode 35b (not shown in FIG. 11) is provided, and its 
lead electrode (a second lead electrode 36b, not shown) 
is taken to a location (34c, for example) other than that 
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of the first lead electrode 36a. 
[0032] At the Four Corners of the first cap 40. a sec- 
ond through hole 44a - 44d is provided corresponding to 
the location of the first through hole 34a - 34d in the 
frame 33. Also on the sidewall of which through hole 5 
44a ■ 44c, an electrode film is formed. A first fixed elec- 
trode 41 (not shown) is formed on the reverse surface of 
the first cap 40. A third lead electrode 46 (not shown) for 
the first fixed electrode 41 is taken to a place (a second 
through hole 44a, for example) other than that of first 10 
lead electrode 36a and that of second lead electrode 
36b. 

[0033] On the second cap 50, an electrode film is pro- 
vided in a place corresponding to the first through hole 
34a - 34d. A fourth lead electrode 56 for the second is 
fixed electrode 51 is provided in a place (on the elec- 
trode film of second cap 50 corresponding to first 
through hole 34d. for example) other than that of first 
lead electrode 36a, that of second lead electrode 36b 
and that of third lead electrode 46. After the sensor sec- 20 
tion 30, the first cap 40 and the second cap 50 are 
formed to their respective configurations, these mem- 
bers are bonded together. And then, the through holes 
34a - 34d and 44a - 44d at the Four Corners are filled 
with an electroconductive paste to form output terminals 25 
of the acceleration sensor. 

[0034] Now referring to FIG. 1 2, a method of manufac- 
turing an acceleration sensor of the present embodi- 
ment 4 is described. A plurality of sensor sections 30, a 
plurality of first caps 40 and a plurality of second caps 30 
50 are formed, respectively, on a substrate 39 for the 
formation of sensor section, a substrate 49 for the for- 
mation of first cap and a substrate 59 for the formation 
of second cap. Each of the three substrates undergoes 
all the procedures as it is in the form of a wafer before 35 
they are bonded together to be separated into individual 
pieces. By so doing, the acceleration sensors are man- 
ufactured efficiently maintaining a high accuracy level. 
Before describing an exemplary method of forming the 
sensor section 30 on substrate 39, the outline of the 40 
whole process steps up to the separation are described 
below. 

[0035] An electrode film is formed on both surfaces of 
the substrate 39 for the formation of sensor section and 
the substrate 49 for the formation of first cap, and on 45 
one surface of the substrate 59 for the formation of sec- 
ond cap, by deposition of Cr/Au, Ti/Au or the like mate- 
rial in vacuum. Then, these substrates are joined 
together by direct bonding. After the bonding, an elec- 
troconductive paste is poured into the through holes so 
from second through hole 44a - 44d, and hardened. The 
wafers bonded together to form a single piece is sepa- 
rated into individual pieces using a dicing saw or the like 
facility. A finished acceleration sensor manufactured 
through the above procedure is shown in FIG. 13. ss 
[0036] Next, the outline of an exemplary method of 
forming the sensor section is described in the following 
with reference to FIG. 14. A silicon substrate 37 having 



an insulating oxide film on the surface and a glass sub- 
strate (lower) 38a are joined together by direct bonding. 
The silicon surface is ground to be a thin plate (FIG. 
14(a)). Then, the hinge portion 37a and the through 
hole (silicon substrate) 37b are formed on the silicon 
substrate 37 (FIG. 14(b)). The wet etching process or 
the dry etching process may be used for the formation. 
[0037] Another glass substrate (upper) 38b is direct 
bonded on the ground surface of the silicon substrate 37 
(FIG. 14(c)). Then it undergoes the sand blasting proc- 
ess, or the wet etching process, so as only the frame 
portion 38c and the mass substance 38d remain 
unblasted on the glass substrate 38a. 38b (FIG. 14(d)). 
Simultaneously, a through hole (glass substrate) 38e is 
formed. 

[0038] Although it is not shown in the drawing, a cut is 
provided by etching or the like method in the place 
where a lead electrode is formed. This is aimed to pre- 
vent the lead electrode from intervening in the space of 
direct bonding between the substrates. The use of the 
sand blasting process, or the wet etching process, for 
the formation of the glass substrate (FIG. 14(d)) pro- 
duces a bowl shaped taper in the cross section of the 
glass substrate. The tapered shape is advantageous in 
forming and connecting the electrodes on the upper and 
the lower surfaces. A similar advantage is provided by 
the use of the sand blasting process, or the wet etching 
process, for perforating the second through hole in the 
first cap. Thus each of the lead electrodes are locating 
on one surface, and the electrode for output has a rela- 
tively large size, as illustrated in FIG. 13. This is an 
advantageous factor for increasing the efficiency in the 
wire bonding and other operations. 
[0039] The above described method of forming a sen- 
sor section is an example. Alternative methods may be 
considered by changing the sequence of process steps, 
or the sensor section may be formed by using the meth- 
ods as described in the above embodiments 1 - 3. Or, 
an equivalent shape may be formed on a piece sub- 
strate of silicon through a fine pattern technology using 
etching process. In this case, use of an anisotropic wet 
etching process is effective. Although the shape of one- 
end support has been described in the foregoing, it can 
also take a shape of both-end support, or it can be sup- 
ported by a plurality of supports for producing the same 
effect. 

(Embodiment 5) 

[0040] An acceleration sensor in accordance with a 
fifth exemplary embodiment of the present invention is 
the one having a structure similar to that of the embodi- 
ment 2, wherein a piezoresistive element or a piezoe- 
lectric element is used in the sensor section. 
Substantially, there is no significant difference as com- 
pared with the acceleration sensor of embodiment 4. 
Numeral 70 denotes the piezoresistive element the pie- 
zoelectric element, in FIG. 15. As all of the electrodes 
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are located concentrated on one plane, there is no need 
for a lead electrode going down to the second cap 50. 
The lead electrode is needed only for the connection in 
the level of sensor section 30 and higher. 

(Embodiments) 

[0041] An acceleration sensor in accordance with a 
sixth exemplary embodiment of the present invention 
relates to an acceleration sensor of a higher precision 
level. The sensor section of which acceleration sensor, 
having a similar structure as that of the embodiment 3, 
comprises a combination of an electrostatic capaci- 
tance type structure and a piezoresistive element, or a 
piezoelectric element. Basically, there is no substantial 
difference as compared with the embodiment 4. By sim- 
ply increasing the number of the through holes, similar 
effects as those of the embodiment 4 are produced. As 
illustrated in FIG. 16, additional through holes (34e - 
34h, 44e - 44h) are provided in the respective four 
sides, besides the through holes (34a - 34d, 44a - 44d) 
of embodiment 4 provided at the Four Corners of the 
device. The relevant lead electrodes are formed in an 
arrangement where the connection becomes the short- 
est. 

[0042] Despite the additional functions, the number of 
process steps regarding the lead electrode does not 
increase in the present embodiment 6. So the added 
functions do not invite an increased manufacturing cost 
in this respect. 

(Embodiment 7) 

[0043] The mechanical and chemical methods for 
faming the hinge portion, the mass substance and the 
frame of the above acceleration sensor are described 
referring to the drawings. FIG. 17 is a cross sectional 
view used to describe a seventh exemplary embodi- 
ment of the present invention. FIG. 1 8 shows cross sec- 
tional views used to describe the formation of respective 
resist patterns in embodiment 7. FIG. 19 is the resist 
pattern as seen on a wafer. 

[0044] In FIG. 1 7, a glass substrate 71 , a silicon sub- 
strate 72, a wet etching resist 73, and a sand blasting 
resist 74 are shown. In FIG. 19, a mass substance 71a, 
an auxiliary substrate 71b, a wet etching resist pattern 
73a and a sand blasting resist pattern 74a are shown. 
[0045] As shown in FIG. 18, a wet etching resist 73 is 
coated on the glass substrate 71, which resist is 
exposed and developed to form a pattern. On top of the 
wet etching resist 73, a sand blasting resist 74 is 
applied, which resist is also exposed and developed to 
form a pattern that provides an open area smaller than 
that in the pattern of the wet etching resist 73. FIG. 19 
shows an appearance of the resist patterns formed on a 
wafer as viewed from the surface of glass substrate. As 
shown in FIG. 17, the wafer is sandblasted up to just 
before penetration of the glass substrate 71 (numeral 



76a represents the processing line by the sand blast- 
ing). The wafer in this stage is immersed in an etchant, 
liquid containing ammonium bif luoide, to have the glass 
substrate 71 penetrated through (numeral 76b repre- 

5 * sents the processing line by the wet etching). 

[0046] Penetrating a glass plate of approximately 
400jim thick by sand blasting is an established process. 
In the present processing, the silicon substrate 72 has 
to be maintained unattacked. The mechanical process 

w like the sand blasting, however, is unable to conduct a 
selective processing, where the materials are proc- 
essed in accordance with the difference in the kind of 
material. Therefore, the sand blasting has to be discon- 
tinued just before the penetration of the glass substrate 

15 71. As the dispersion of processing pertinent to the 
sand blasting is approximately 20 - 30fim, it is preferred 
to stop the sand blasting leaving 30 - 50^m of glass sub- 
strate 71 before the penetration. 
[0047] The remaining glass of 30 - 50jim thick is 

20 etched off by wet etching until the glass substrate 71 is 
penetrated through. For the wet etching, a liquid con- 
taining ammonium brfluoride is used as the etchant; the 
etching rate of which etchant with the glass substrate 71 
is remarkably different relative to that with the silicon 

25 substrate 72. In the above described wet etching proc- 
ess, only the glass substrate 71 is etched, while the sil- 
icon substrate 72 is hardly attacked. During the wet 
etching process, the wet etching resist 73 provided 
between the glass substrate 71 and the sand blasting 

30 resist 74 protects the surface of the mass substance 
71a and the auxiliary substrate 71b from the attack of 
the etchant. 

[0048] Because the size of the open area of the sand 
blasting resist pattern 74a is smaller than that of the wet 

35 etching resist pattern 73a, the blasting powder does not 
intrude into interracial space between the wet etching 
resist and the glass substrate to give damage on the 
tight adhesion of the wet etching resist 73. Therefore, 
the effectiveness of wet etching resist can be fully uti- 

40 lized, allowing to process up to the limit of processing, 
50jim. Thus, the remaining 50jtm can be processed 
under the above described structure. 

(Embodiment 8) 

45 

[0049] Method of manufacturing an acceleration sen- 
sor in accordance with an eighth exemplary embodi- 
ment of the present invention is described referring to 
the drawings. FIG. 20 is a cross sectional view used to 

so describe the present embodiment 8. FIG. 21 shows 
cross sectional views used to describe formation of 
respective resist patterns of the present embodiment 8. 
The point of difference with the FIG. 20 and FIG. 21 as 
compared with the counterparts of embodiment 7 is the 

55 existence of a film 75 formed mainly of Au. 

[0050] As shown in FIG. 20, a film 75 formed mainly 
of Au is provided between the wet etching resist 73 and 
the glass substrate 71 . Method of forming the pattern of 
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film 75 is illustrated in FIG. 21 . In the first place, a film 75 
is formed over the entire surface of the glass substrate 
71. On top of the film 75, a wet etching resist 73 is 
coated, which is exposed and developed to form a pat- 
tern. And then the film 75 undergoes an etching proc- 
ess. A sand blasting resist 74 is applied to form a 
pattern, which pattern having an open area smaller than 
that in the pattern of wet etching resist 73. The glass 
substrate 71 is processed, as illustrated in FIG. 20, by 
the sand blasting and the wet etching, as used in 
embodiment 7. 

[0051] The film 75 formed mainly of Au used as the 
protection film enables the wet etching to go through at 
least 1 0Ojim. Or, the wet etching can process to a depth 
far deeper than in the embodiment 7. According to 
actual observation on the surface after etching, the 
influence of side etching is smaller than in the method of 
embodiment 7. Therefore, a margin for the border 
region can be made smaller; which leads to a smaller 
device size. When a wet etching resist is immersed in 
an etchant for a long time, it gets wet at the edge and 
swollen. The etching liquid invading into a space 
between the glass substrate and the wet etching resist 
attacks the surface of glass substrate. Whereas, such a 
metal mask as Au is not ill affected by the etchant. This 
seems to be a reason of the good surface condition 
after etching. 

[0052] In the embodiments 7 and 8, description has 
been made based on the sensor section having a two- 
layered structure of the glass substrate and the silicon 
substrate, as represented by the structure shown in 
FIG. 8. However, the same effects are produced also 
with a three-layered sensor section formed of a silicon 
substrate sandwiched by two glass substrates, as rep- 
resented by the structure shown in FIG. 7. 
[0053] Although a two-layered sensor formed of a 
glass substrate and a silicon substrate has been used in 
the embodiments 7 and 8, the kind of material is not lim- 
ited to the above two materials. Other materials may 
also be used for the same effect, in so far as these 
materials allow a selective etching under an appropriate 
etchant and the other material allows mechanical 
processing such as sand blasting. Then, a deep and 
precise groove may be formed on one substrate with 
ease. 

[0054] A normal sand blasting resist in the state as it 
is formed is not capable of withstanding a sand blasting 
process to a depth approximately 400ym, because of 
insufficient adhesion. However, if a post baking is 
applied on the resist in the embodiments 7 and 8, the 
adhesion is strengthened and the depth of processing 
can be made a step deeper. The preferred conditions for 
the post baking are: not lower than 100°C, not shorter 
than 30min. 

(Embodiment 9) 

[0055] An ninth exemplary embodiment of the present 



invention is described with reference to the drawings. 
FIG. 22 shows a pattern of the silicon substrate as 
observed on a wafer. In FIG. 22, a silicon substrate 72, 
a pattern 72a on the silicon substrate, and a hinge por- 

5 tion 77 are shown. 

[0056] The pattern in FIG. 22 is almost identical to the 
shape of the sand blasting resist pattern 74a in FIG. 19, 
with the exception of the hinge portion 77 of silicon sub- 
strate pattern 72a. In the present embodiment 9, the sil- 

10 icon substrate pattern 72a is formed in the first place, 
and then the glass substrate pattern is formed by the 
method used in the embodiments 7 and 8. 
[0057] Providing in advance the pattern, which is sub- 
stantially identical to the pattern to be formed on a glass 

is substrate, on the silicon substrate as a sort of the nega- 
tive mask makes it possible to conduct wet etching from 
the silicon substrate side, instead of being limited to 
processing from the glass substrate side only. Thus the 
processing time can be reduced, and the border of 

20 processing limit expanded. 

(Embodiment 10) 

[0058] A tenth exemplary embodiment of the present 

25 invention is described referring to the drawing. FIG. 23 
is drawings used to describe the tenth embodiment. 
[0059] The present embodiment 10 relates to the 
sandblasting resist pattern. A glass substrate is proc- 
essed by the sand blasting until just before the penetra- 

30 tion, and then finished by the wet etching process. If the 
sand blasting has a wide dispersion the sand blasting 
process has to be stopped at an early stage. This 
means the increased amount of remaining glass sub- 
strate that needs processing until the penetration. The 

35 load by wet etching process increases accordingly. 
[0060] When a processing is carried out on devices in 
the state of a wafer, a suitable shape has to be selected 
in order to suppress the dispersion during the process- 
ing to a smallest possible level. As illustrated in FIG. 23, 

40 an open lane of the sand blasting resist pattern 74a 
should preferably have such a shape that fulfils the 
requirement: Lane width A' is not smaller than the thick- 
ness A of the glass substrate, or, the lane width B is uni- 
form within a wafer. 

45 [0061 ] In applying the sand blasting on a substrate in 
the direction of thickness, if the width of a processing 
pattern is narrow the process rate significantly drops, 
because it is difficult in the narrow lane for the blasting 
powder to reach to the end. The processing dispersion 

so may be controlled within a smallest possible range rf the 
sand blasting resist pattern is formed to meet the 
requirement described above. 

INDUSTRIAL APPLICABILITY 

55 

[0062] A mass substance and a hinge portion of an 
acceleration sensor were provided conventionally as a 
one-piece member of a silicon substrate processed by a 
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high level micro-machining technology. In the invented 
acceleration sensor, the mass substance and the hinge 
portion can be formed respectively of different materi- 
als. As the result, the processing of material by etching 
becomes easier. The present invention also enables to 5 
offer an acceleration sensor that contains in it two differ- 
ent types of sensing systems together; containing an 
electrostatic capacitance type element combined with a 
piezoresistive element, or an electrostatic capacitance 
type element combined with a piezoelectric element 10 
Therefore, an acceleration sensor that has a self-diag- 
nosis function against a failure may be manufactured 
with ease at a high production yield rate. 

Description of the Marks in the Drawings 15 
[0063] 
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Claims 45 

1 . An acceleration sensor comprising: 

a sensor section, which section comprising a 
silicon substrate provided with a slit so as a so 
tongue shape segment is formed thereon, a 
mass substance provided on one surface or 
both surfaces of said tongue shape segment at 
an end part and a movable electrode formed on 
a surface of said mass substance; and 55 
a cap substrate having a hollow in an area fac- 
ing said mass substance and a fixed electrode 
formed on a surface of the hollow, 



wherein 

said sensor section is held supported by said 
cap substrate, and 

said silicon substrate and said mass substance 
as well as said sensor section and said cap 
substrate, respectively, are joined together by 
direct bonding. 

2. An acceleration sensor comprising: 

a sensor section, which section comprising a 
silicon substrate provided with a slit so as a 
tongue shape segment is formed thereon, a 
mass substance provided on one surface or 
both surfaces of said tongue shape segment at 
an end part and a piezoresistive element or a 
piezoelectric element which changes its electri- 
cal characteristic in accordance with a strain 
disposed on a straining portion of said tongue 
shape segment; and 

a cap substrate having a hollow in an area lac- 
ing said mass substance, 
wherein 

said sensor section is held supported by said 
cap substrate, and 

said silicon substrate and said mass substance 
as well as said sensor section and said cap 
substrate, respectively, are joined together by 
direct bonding. 

3. The acceleration sensor of claim 1 , further compris- 
ing a piezoresistive element or a piezoelectric ele- 
ment which changes its electrical characteristic in 
accordance with a strain disposed on said straining 
portion of the tongue shape segment. 

4. A method of manufacturing an acceleration sensor 
comprising the steps of: 

joining a silicon substrate and an auxiliary sub- 
strate by direct bonding; 
grinding the silicon substrate after the above 
bonding down to a certain predetermined thick- 
ness; 

forming a hinge portion in which a strain is 
caused by an acceleration and a mass sub- 
stance which amplifies the straining force by 
removing part of the bonded auxiliary substrate 
using a mechanical or chemical process; 
removing the silicon substrate by further apply- 
ing a mechanical or chemical process on the 
part where the auxiliary substrate has partially 
been removed; 

forming a movable electrode on a surface of 
said mass substance; 

forming upper and lower cap substrates by pro- 
viding respectively a hollow in an area facing 
said mass substance and forming a fixed elec- 
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trode on a surface of the hollow; and 
joining said respective cap substrates to said 
silicon substrate and the first auxiliary sub- 
strate by direct bonding. 

5 

5. A method of manufacturing an acceleration sensor 
comprising the steps of: 

joining a silicon substrate and a first auxiliary 
substrate by direct bonding; w 
grinding the silicon substrate after the above 
bonding down to a certain predetermined thick- 
ness; 

joining the ground silicon substrate to a second 
auxiliary substrate by direct bonding; is 
forming a hinge portion in which a strain is 
caused by an acceleration and a mass sub- 
stance which amplifies the straining force by 
removing part of the bonded first and second 
auxiliary substrates using a mechanical or 20 
chemical process; 

removing the silicon substrate by further apply- 
ing a mechanical or chemical process on the 
part where the first and second auxiliary sub- 
strates have partially been removed; 25 
forming a movable electrode on a surface of 
said mass substance; 

forming upper/lower cap substrates by provid- 
ing respectively a hollow in an area facing said 
mass substance and forming a fixed electrode 30 
on a surface of the hollow; and 
joining said respective cap substrates to said 
first and second auxiliary substrates respec- 
tively by direct bonding. 

35 

6. The method of manufacturing an acceleration sen- 
sor recited in claim 4, further comprising the step of 
forming a piezoresistive element or a piezoelectric 
element which changes its electrical characteristic 

in accordance with a strain on a surface of the 40 
hinge portion in which a strain is caused by an 
acceleration. 

7. The method of manufacturing an acceleration sen- 
sor recited in claim 5, further comprising the step of 45 
forming a piezoresistive element or a piezoelectric 
element which changes its electrical characteristic 

in accordance with a strain on the surface of hinge 
portion in the second auxiliary substrate side. 

so 

8. The method of manufacturing an acceleration sen- 
sor recited in claim 4 or claim 5, wherein the silicon 
substrate, the auxiliary substrate and the cap sub- 
strate respectively are processed in the state of a 
wafer until the substrates are separated into individ- ss 
ual pieces. 

9. An acceleration sensor comprising: 



a sensor section, which section comprising a 
hinge portion in which a strain is caused by an 
acceleration, a mass substance for amplifying 
the strain of the hinge portion provided with a 
first and a second movable electrodes dis- 
posed respectively on upper and lower sur- 
faces in an end part of the hinge portion, and a 
frame portion surrounding said hinge portion 
and mass substance so as to support these 
items movable; 

a first cap having a first fixed electrode on a 
surface, which electrode creating a capaci- 
tance coupled with said first movable electrode; 
and 

a second cap having a second fixed electrode 
on a surface, which electrode creating a capac- 
itance coupled with said second movable elec- 
trode, and holding and supporting said sensor 
section jointly with said first cap, 
wherein 

a plurality of first through holes are provided at 
the outer edge of said frame portion, 
a first and a second lead electrodes are pro- 
vided in said frame portion for electrically con- 
necting said first movable electrode and 
second movable electrode respectively to a 
first through hole each locating in a different 
place, 

a plurality of second through holes are pro- 
vided in said first cap at a place each corre- 
sponding to the first through holes, 
a third lead electrode is provided in the first cap 
for electrically connecting said first fixed elec- 
trode to the second through hole, 
a fourth lead electrode is provided in the sec- 
ond cap for leading the electrical connection of 
said second fixed electrode to a place corre- 
sponding to the first through hole, and 
said first and second through holes are filled 
with an electroconductive paste. 

10. The acceleration sensor of claim 9, wherein said 
sensor section comprises a silicon plate having 
insulating surface which is provided with said mass 
substance and flame portion of glass plate joined 
on the both surfaces or only on one surface by 
direct bonding, and said sensor section is held and 
supported by said first and second caps made of 
glass joined to by direct bonding. 

11. A method of manufacturing an acceleration sensor 
comprising the steps of: 

joining (1) a sheet of sensor section formation 
substrate having a plurality of sensor sections, 
first through holes and first and second lead 
electrodes formed thereon, (2) a sheet of first 
cap formation substrate having a plurality of 
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second through holes, first fixed electrodes and 
third lead electrodes formed thereon, and (3) a 
sheet of second cap formation substrate hav- 
ing a plurality of second fixed electrodes and 
fourth lead electrodes formed thereon, together $ 
in the order by direct bonding; 
pouring an electroconductive paste from the 
second through hole, and hardening it; and 
separating the bonded substrates into individ- 
ual pieces. 10 

12. The method of manufacturing an acceleration sen- 
sor recited in claim 1 1 , wherein said sensor section 
formation substrate forms in it a plurality of sensor 
sections by first joining a glass substrate to the both is 
surfaces or only one surface of a silicon substrate 

by direct bonding and then forming a plurality of 
hinge portions, mass substances and frame por- 
tions through a chemical or mechanical process. 

20 

13. The method of manufacturing an acceleration sen- 
sor recited in claim 1 1 , wherein the formation of the 
first or second cap formation substrate or the sen- 
sor section formation substrate is conducted by a 
sand blasting process or a wet etching process. 25 

14. An acceleration sensor comprising: 

a sensor section, which section comprising a 
hinge portion having a piezoresistive element 30 
or a piezoelectric element provided in a place 
at which a strain is caused by an acceleration, 
a mass substance for amplifying the strain 
caused on the hinge portion provided at an end 
part of the hinge portion and a frame portion 35 
surrounding said hinge portion and mass sub- 
stance so as to support these items movable; 
and 

a first cap and a second cap for holding and fix- 
ing said sensor section in between, 40 
wherein 

a plurality of through holes are provided at the 
outer edge of the first cap, 
a plurality of lead electrodes are provided in the 
sensor section for leading the electrical con- 45 
nections of the piezoresistive element or the 
piezoelectric element to respective locations 
corresponding to said through holes, and 
said through holes are filled with an electrocon- 
ductive paste. so 

1 5. The acceleration sensor of claim 9, further compris- 
ing a piezoresistive element or a piezoelectric ele- 
ment which changes its electrical characteristic by 

a strain in a place at which a strain is caused by an 55 
acceleration. 

16. A method of manufacturing an acceleration sensor 



comprising the steps of: 

joining (1) a sheet of sensor section formation 
substrate having a plurality of sensor sections 
and lead electrodes formed thereon, (2) a 
sheet of first cap formation substrate having a 
plurality of first through holes, and (3) a sheet 
of second cap formation substrate together in 
the order by direct bonding; 
pouring an electroconductive paste from said 
through hole, and hardening the paste; and 
separating the bonded substrates into individ- 
ual pieces. 

17. A method of manufacturing an acceleration sensor 
comprising the steps of: 

joining a silicon substrate and a glass substrate 
by direct bonding; and 

forming respectively a hinge portion at which a 
strain is caused by an acceleration, a mass 
substance which amplifies the straining force 
and a frame portion that surrounds these por- 
tions and supports them movable by removing 
part of the glass substrate by a mechanical or 
chemical process, wherein said forming proc- 
ess comprises the steps of: 
coating and forming a pattern of a wet etching 
resist on both glass surfaces of the direct- 
bonded member; 

forming a sand blasting resist on a surface of 
said wet etching resist; 

forming a pattern having an open area that is 
smaller in size than that of said pattern of wet 
etching resist; 

sand blasting said glass substrate until just 

before the penetration; and 

penetrating said glass substrate through by a 

wet etching process after the step of sand 

blasting. 

18. A method of manufacturing an acceleration sensor 
comprising the steps of: 

joining a silicon substrate and a glass substrate 
by direct bonding; and 

forming respectively a hinge portion at which a 
strain is caused by an acceleration, a mass 
substance which amplifies the straining force 
and a frame portion that surrounds these por- 
tions and supports them movable by removing 
part of the glass substrate by a mechanical or 
chemical process, wherein said forming proc- 
ess comprises the steps of: 
forming a metal film that withstands an etchant 
on the glass surface of the direct-bonded mem- 
ber; 

coating and forming a pattern of a wet etching 
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resist on a surface of said metal film; 
etching the metal film using the pattern; 
forming a sand blasting resist on the surface of 
said wet etching resist; 

forming a pattern having an open area that is s 
smaller in size than that of said pattern of wet 
etching resist; 

sand blasting said glass substrate until just 
before penetration; and 

penetrating said glass substrate through by a 10 
wet etching process after the step of sand 
blasting. 

19. The method of manufacturing an acceleration sen- 
sor recited in claim 1 8, wherein a film formed mainly is 
of Au is used for the metal film. 

20. The method of manufacturing an acceleration sen- 
sor recited in claim 17 or claim 18, wherein a liquid 
containing ammonium bifluortde whose process 20 
rate to silicon is different from that to glass is used 

as an etchant in the wet etching. 

21. The method of manufacturing an acceleration sen- 
sor recited in claim 1 7 or claim 1 8, wherein the sand 2s 
blasting resist undergoes a post baking processing 
after formation of a pattern. 

22. The method of manufacturing an acceleration sen- 
sor recited in claim 1 7 or claim 1 8, wherein the sand 30 
blasting resist pattern is provided with an opening 
whose width is not smaller than the thickness value 

of the glass substrate. 

23. The method of manufacturing an acceleration sen- 35 
sor recited in claim 18, wherein the metal film pro- 
vided for protecting the glass substrate during wet 
etching is used also as an electrode for detecting a 
strain. 

40 
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